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COMBINATION FITTING 

The present invention relates to flow control devices for hydraulic 
systems, and more particularly combination fittings for regulating the flow of 
pressurized fluid in an automobile power steering system. 

5 BACKGROUND 

□ The present invention relates to flow control devices for hydraulic 

J: systems, and more particularly combination fittings for regulating the flow of 

Jv pressurized fluid in an automobile power steering system. 

" ! in automotive power steering systems, the flow of fluid delivered to the 

fi| 10 power steering equipment must be controlled in accordance with the 

00 requirements of the steering gear. In these systems, a pump, which is the 

H " source of the delivered fluid is provided with a flow control apparatus, typically 

a flow control valve. Typically, hydraulic flow is controlled by a piston that 
moves reciprocally in a flow control cylinder to open and close a bypass hole. 
15 Hydraulic flow is delivered from the pump to an output chamber formed 

between a high-pressure end of the piston in the flow control cylinder and an 
output or combination fitting. Fluid from the output chamber passes through a 
bore in the fitting and on to the power steering system. 

A pressure-sensing orifice in the fitting transfers the pressure of the 
20 fluid flowing to the steering system and delivers the pressure through a 

passage in the housing of the flow control assembly to a low-pressure 
chamber at the end of the piston. A compression spring in the low-pressure 
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chamber forces the piston towards the fitting. A pressure force develops on 
the end of the piston due to the feedback pressure and combines with the 
spring force to keep the bypass port closed. 

If the flow issuing from the pump outlet is too great and exceeds the 
force provided by the compression spring, the flow control piston will move 
away from the end of the fitting. As the piston moves away from the fitting, 
the piston partially or fully uncovers the bypass port to allow excess fluid to 
recirculate to the pump. When pressure demand increases, the spring forces 
the piston back toward the fitting to a new flow regulating position. Thus, the 
piston moves toward and away from the fitting in response to changes in the 
pressure system demand. 

A problem often encountered with conventional flow control outlet 
fittings is undesirable fluctuations in fluid flow at high engine speeds. With the 
two-piece conventional fitting shown in Figure 3, as the engine and pump 
speed increase, and the flow control piston moves to open the bypass valve, 
the forces acting on the front of the piston are unevenly applied and more fluid 
enters the bypass port than is desirable. Consequently, the fluid flow to the 
steering gear drops as shown at Figure 8. As a result, there is an undesirable 
decrease in steering assist. 

Another type of conventional flow control apparatus includes a fitting, 
shown in Figure 4. This fitting 60 includes one end 62 that is in fluid 
communication with the pump outlet and faces the high-pressure end of the 
fluid control piston and a second end 64 through which fluid flows to the 
steering gear. The fitting 60 defines a bore 66 that runs the length of the 



fitting 60 that tapers with the direction of the fluid flow. With this type of fitting, 
as engine speed, and correspondingly pump speed increases, the flow of fluid 
to the steering gear rises and continues to rise. As a result, too much fluid 
flows to the steering gear and steering assist is undesirably increased. 

SUMMARY 

The scope of the invention is determined solely by the appended 
claims and their equivalents and is not affected to any degree by the 
statements within this summary. The invention provides a combination fitting 
for the regulation of fluid in a fluid control apparatus, preferably in an 
automotive power steering mechanism. Specifically, the combination fitting of 
the present invention addresses the disadvantages of conventional fittings by 
providing a combination fitting having channels in one end of the fitting that 
facilitates uniform or "flatter" fluid flow and reduces undesirable fluid 
fluctuations in the fluid control apparatus. 

In accordance with one aspect of the present invention, a combination 
fitting is provided that includes a generally cylindrical member with a bore 
therethrough. The bore forms a fluid path through the fitting for the flow of 
fluid, and helps control the amount of fluid out from the pump to the power 
steering gear. At the fluid receiving end of the fitting, the bore is adjacent the 
high-pressure end of a fluid control piston and is in fluid communication with 
the hydraulic pump to receive fluid from the pump. The fluid-receiving end of 
the fitting has at least two and preferably four channels formed in the end of 
the fitting. The channels extend radially from the bore of the fitting. 



In one embodiment, there are at least three, and preferably four 
channels extending radially from the bore of the fitting. In another 
embodiment, the channels having a rectangular cross-section. In yet another 
embodiment, the ratio of the length of the channels to the width of the 
5 channels is from about 14:1 to about to 5:3, preferably from about 10:1.5 to 

about 6:2.5, and more preferably about 7:2.33. 
I. In a preferred embodiment, the four channels are regularly spaced at 

* about 90° about the bore. In another preferred embodiment, the area of each 

1 of the channels defined by the width and the length of the channels is the 

^0 same and ranges from about 15 mm 2 to about 17 mm 2 , preferably about 16 

J mm 2 to 16.5 mm 2 and more preferably is about 16.3 mm 2 . 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1. is a cut away view of a fluid control apparatus with the 
combination fitting according to the present invention. 

Fig. 2 is a perspective view of a portion of a conventional fluid control 
system with the combination fitting according to the present invention. 

Fig. 3 is a side view of a conventional fitting. 

Fig. 4 is a side view of a conventional fitting. 

Fig. 5 is a perspective partial view of the combination fitting according 
to the present invention. 

Fig. 6 is a perspective partial view of the combination fitting according 
to the present invention. 

Fig. 7 A is a top view of an embodiment of a combination fitting 
according to the present invention. 

Fig. 7 B is a top view of an embodiment of a combination fitting 
according to the present invention. 

Fig. 7 C is a top view of an embodiment of a combination fitting 
according to the present invention. 

Fig. 7 D is a top view of an embodiment of a combination fitting 
according to the present invention. 

Fig. 8 is a graph showing the flow of fluid in fluid control apparatus with 
the conventional fitting of Figure 3. 

Fig. 9 is a graph showing the flow of fluid in fluid control apparatus with 
a combination fitting of the present invention. 



Fig. 10 is block diagram of a power steering system. 

DETAILED DESCRIPTION 

We have discovered that with conventional flow control output or 
combination fittings there is a problem of non-uniform fluid flow at higher 
engine speeds. Specifically, we have discovered that with conventional 
fittings, there is either too little or too much flow of fluid to the steering gear at 
higher engine speeds. At higher engine speeds, if fluid flow is decreased, 
steering assist is correspondingly decreased. With too much fluid flow, too 
much steering assist is provided. The present invention makes use of the 
discovery that channels formed in the fluid-receiving end of a combination 
fitting result in less fluctuations in fluid flow at higher engine speeds resulting 
in a more uniform flow of fluid to the steering gear and, correspondingly, more 
uniform steering assist. 

The invention described herein, shown in Figures 1, 5 and 6, is an 
improvement of the combination fittings shown in Figures 3 and 4 for use in a 
conventional fluid flow control system of a power steering apparatus. A 
conventional fluid flow control system of a power steering apparatus is shown 
in Figure 1 with the combination fitting 10 of the present invention. A supply 
of pressurized fluid from the pump 12 is delivered through a pump outlet port 
14 in a housing 24 to an output chamber 16 formed in a fluid control cylinder 
18 having a piston 20. The cylinder is closed at one end 22 of the cylinder 18 
and is formed to receive the combination fitting 10 at the opposite end. The 



fitting 10 is mounted in the cylinder by threads 26. An O-ring 28 is disposed in 
a circumferential groove 30 to seal the cylinder. 

As shown in Figures 5 and 6, extending from the fluid receiving end 36 
of the fitting is a cylindrical member 32 having an axial passageway or bore 
34 preferably defined therethrough. As discussed more fully below, the fluid 
receiving end 36 of the member 32 defines channels 38 extending radially 
from the bore 34. 

In both fluid control devices with conventional fittings and fluid control 
devices with the combination fitting of the present invention, fluid from the 
pump outlet 14 passes through the bore 34 and delivers fluid to a coupler 40. 
The coupler is adapted to receive a fitting (not shown) of a hydraulic line for 
delivering the pressurized fluid to a power steering system. 

A pressure-sensing orifice 72 within the fitting communicates with a 
passageway 42 in the housing 24. The passageway 42 communicates fluid 
from the pressure-sensing orifice into a low-pressure chamber 44 formed in 
the flow control cylinder at the low-pressure end 46 of the piston 20. 

A compression spring 48 extends circumferentially around the low 
pressure end 46 of the piston 20 and urges the piston toward the fluid 
receiving end 36 of the member 32 of the combination fitting 10 as shown in 
Fig 1. The piston is thus biased toward the fluid-receiving end 36 of the 
member 32 by the combined force of the spring 48 and the reduced pressure 
sensed by the pressure-sensing orifice (not shown), thereby preferably fully 
closing the excess fluid bypass port 50. 



When the supply of pressurized fluid is insufficient to cause the piston 
20 to move from its fully closed position, preferably the fluid passes through 
the channels 38 and, thus, through the fitting 10 to the steering system. As 
the supply of pressurized fluid increases, the piston 20 preferably moves from 
its fully closed position to partially or fully open the bypass port 50 and excess 
preferably fluid passes out through the bypass port 50 and is re-circulated to 
the pump. 

With conventional fittings, at higher engine speeds, and consequently 
higher fluid flow rates, as the piston moves from its fully closed or biased 
position and excess fluid passes through the bypass port 50, the forces 
applied to the high-pressure end of the piston 20 become uneven, resulting in 
pressure fluctuations at the high-pressure end of the piston 20. This can 
result in highly unstable flow with corresponding undesirable flow and 
pressure emanating through the power steering system. 

At high engine speeds, and concomitantly higher pump speeds, the 
channels 38 provided in the receiving end of the fitting 10 provide stabilization 
of the forces on the high pressure end of the piston 20 resulting in a flatter or 
more regular flow of fluid to the steering system. As shown graphically at Fig. 
8, at high pump speeds, the fluid flow in a flow control device with a 
conventional fitting drops significantly. Fluid flow in a flow control device 
utilizing the combination fitting of the present invention, as shown graphically 
in Figure 9, is stable across all pump speeds. 
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It is believed that the fitting of the present invention balances the forces 
acting on the piston by changing the angle of incidence of the forces on the 
front of piston. 

Figs. 5 and 6 show a combination fitting 10 according to one 
embodiment of the present invention. As illustrated in Figures 5 and 6 the 
combination fitting 10 is comprised of a cylindrical member 32 having a bore 
34 therethrough. Channels 38 in the fluid receiving end 36 of the member 34 
extend radially from the bore 34. At least two channels, preferably three, and 
more preferably four or more channels are provided in the fluid receiving end 
36 of the member 32. In a preferred embodiment, as shown in Figures 5 and 
6, two pairs, or four channels, are cross-cut into the piston facing face 54 of 
the receiving end 36 of the member 32. The result is a cross configuration in 
the face 54 of the receiving end 36 of the member 32. 

Preferably, the channels are regularly spaced. In a preferred 
embodiment, four channels are regularly spaced at about 90°. However, any 
number of channels may be utilized that are regularly or irregularly spaced. 
Figures 7A through 8D show alternative embodiments of the channels of the 
fitting of the present invention. 

The channels 38 preferably have a rectangular cross-section, as 
shown in Figure 1. The area of the rectangular cross-section, defined by the 
length 56 and the width 58 of the channel 38 of the present invention can 
range from about 14 mm 2 to about 18 mm 2 , preferably from about 15 mm 2 to 
about 17 mm 2 , and more preferably from about 16 mm 2 to about 16.5 mm 2 . In 



the preferred embodiment, the area of the rectangular cross-section of the 
channel is about 16.3 mm 2 . 

The length of the channel may be of any length as long as the 
corresponding width of the channel results in the desired cross-sectional area. 
Preferably, the ratio of the length of the channel can range from about 14:1 to 
about 5:3, preferably from about 10:1.5 to about 6:2.5, and more preferably 
from about 8:5 to about 6.5:2. In the preferred embodiment, the ratio of the 
length of the channel to the width of the channel is about 7:2.33. 

The receiving end 36 of the member 32 preferably is formed by cutting 
channels into the receiving end by cutting one channel into the receiving end 
with a cutting wheel, end mill or similar device, repositioning the cutting 
device, cutting a second channel and, if additional channels are desired, 
repositioning the cutting device and cutting subsequent channels. 

The combination fitting in accordance with the present invention can be 
formed from conventional materials, such as steel, industrial grade plastics, 
metal alloys, composites, ceramics, or like materials. 

Fluid flow is regulated in a fluid flow control system of a power steering 
apparatus utilizing the combination fitting of the present invention in which a 
hydraulic pump 12 delivers pressurized fluid through a pump outlet 14, the 
pressurized fluid from the pump outlet 14 enters a fluid output chamber 
formed in a fluid control cylinder comprising a movable fluid control piston 20 
and a combination fitting 10 having a fluid-receiving end 36, an internal bore 
34 therethrough and two or more channels 38 extending radially from the bore 
disposed in the fluid receiving end 36 of the fitting 10, at least a portion of the 
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fluid is directed through the internal bore 34 of said combination fitting 10 
toward a power steering system. A pressure-sensing orifice detects the 
pressure of the fluid as it flows through the fitting and communicates that 
pressure through passageway 42 to a low-pressure chamber 44 located at the 
low-pressure end 46 of the piston 20, thereby regulating the position of the 
piston 20 within the cylinder relative to the pressure of the fluid. Excess fluid 
is re-circulated through the bypass port 50 back to the pump 12. 

Of course, it should be understood that a wide range of changes and 
modifications can be made to the embodiments described above. It is 
therefore intended that the foregoing description illustrates rather than limits 
this invention, and that it is the following claims, including all equivalents, that 
define this invention. 
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